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S1 Vesicle extrusion
The Mini-Extruder (set) with heating block from Avanti Polar Lipids was modified as follows:

S1.1 Metal cylinder and sealing of membrane filters

Avanti’s 2-cylinder Teflon construct, which sandwiches the membrane filter and supports, is encased
in a hollow metal cylinder with an open screw top which pressures the pieces together. We modified
this cylinder by making it longer so that both Teflon cylinders fit in the hollow region of the metal
cylinder and thus avoid the Teflon pieces from deforming, particularly for extrusions that required
heating. We added a metal disc provides uniform pressure to the encased Teflon. A holder, in the form
of a spoke on a base, places the first Teflon piece near the edge of the hollow cylinder (see Figure
S1.1) for easy placement of membrane supports and membrane filter and the proper placement and
alignment of the second Teflon piece. Once the second Teflon piece is set in place over the first piece
of Teflon — o-rings facing each other — the 2-cylinder Teflon construct can slide down the hollow
cylinder by simply lifting the metal cylinder out of the spoke. A small gap above the 2-cylinder Teflon
construct allows for the secure placement of the metal disc, which is then pressed by the screw cap.

Figure S1.1 Shown metal cylinder over spoke on
a base with first Teflon piece inserted into the
cavity of the cylinder. The Teflon piece is near
the edge of the hollow cylinder which makes the
placement of membrane supports and membrane
filter and the proper placement of the second
Teflon piece over the first easier. Lifting the
cylinder from the base lets the two Teflon pieces
fully slide into the cavity. Metal ring and screw
cap uniformly press the o-rings to seal.

Figure S1.2 View of modified
New Era Pump. The frame
allows for the plungers to be
pushed in either direction. The
syringes are heated by a
circulating bath connected to
the modified heating block.




S1.2 Heating Block and Automatic Extrusion

Because this hollow metal cylinder was longer than the original cylinder from Avanti, the heating
block was machined to fit this new size. The heating block was also machined to include outlets that
allowed us to connect a temperature controlled Anova Scientific water bath. The tubing included
quick-connects for portability as well as the ability to connect multiple extruders in series. In addition,
the extrusion was automated by the use of a programmable syringe pump (New Era Pump Systems,
Inc.). The programing allowed us to vary the speed and the number of passes. The automatic extruder
allows for a consistent applied constant speed of extrusion that reduces leakage and hassle, and which
may result in a reduced vesicle size polydispersity

S2 Contrast Matching Procedure and Scattering Lengths Table.

In order to study the phase behavior of the membrane, we had to render mixed vesicles invisible by
making the mean SLD of the membrane essentially equal to the SLD of the solvent solution. Since
D0 and H;O have very different SLDs, they can be combined to produce a solvent SLD that matches
that of the vesicles, which are composed of mixture of deuterated DPPC and hydrogenated DLPC. At
the contrast match point, the SLD of the vesicle matches that of the solvent, and the scattering will be
that of the background. The vesicles were extruded in D,O and H,O at the same concentration and
mixed to make four contrasts: 100% D»0, 100% H,O, 78.7% D,0, 21.4% D,0. The scattering curves
obtained are shown in Figure S2.1A. Scattering was measured at 40°C where the lipid mixture is above

the miscibility transition. A plot of /T - Tbgd vs. D20 v/v % is shown in Figure S2.1B, where I is the

average of the first 2 intensity points, while Tbgd is the average of the last 20 points for each series
sample. The error bars are smaller than the symbols used, A linear fit shows the D,O percent where

/T - Tbgd becomes zero, corresponding to the CM point. The contrast-match percent of D,O for our
1:1 dDPPC:DLPC mixture was found to be 55.1 * 0.3 v/v% D,0.
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Figure S2.1 (A) I(Q) vs. Q curves for 100nm dDPPC:DLPC 1:1 vesicles in solvents with specified
ratios of D,O and H,O at 40°C. (B) Right: A background-subtracted mean intensity vs. D-O v/v%
at four contrasts (open squares). At zero intensity, the contrast match point for dDPPC/DLPC = 1/1
was determined to be 55.1 + 0.3 v/v% D-O.



molecule chemical formula scattering length (b) [fm]

heavy water D,0 19.145
water H,O -1.675
headgroup H;3C;oNOgP 60.123
tails: dDPPC D¢, Csg 613.135
tails: DLPC H46Coo -25.67

Table S2.1 Scattering lengths used in the present work and determined from known nuclear
scattering lengths[1].

S3 Calorimetry

Sample preparation is detailed in the Methods section. SetSoft 2000 provided by SETARAM was used
to take and export DSC data. The system was equilibrated (the heatflux baseline was reported
0.00+0.01mW) before ramping the temperature. The DSC data was collected at a rate of 0.2°C/min.
The raw ascii data (mW-K™") was exported and processed in Mathematica. Heat capacities (Jg'K™") for
the cooling of MLVs are shown in Figures 2A and 2B of the main text. In Figures S3.1A and S3.1B
we show the heat capacities for MLVs during heating and 50nm in diameter SUVs during cooling,
respectively.

Table S3.1 lists the corresponding onset and completion temperatures obtained from the intersection of
the tangent on the heat capacity curves corresponding to the inflection point at either the onset or
completion of the transition and the baseline (see Figures S3.1C and S3.1F for an example). AH, the
latent heat (J-g™') is given by:

AH = [ eompletonts ¢ (T) 4T (S3.1)
where 6 is a variable but small parameter (~ one degree) used to ensure that the whole transition is
taken into account. The AH value for dDPPC in Table S3.1 is consistent with previously reported
values for DPPC[2] showing that the enthalpy is not affected by deuteration. The AH value for DLPC
has some variability in the literature [2-4] because of it unusual behavior[5, 6], ie, it does not have a
single peak describing its transition (Figures S3.1C and S3.1F). The value we found for AH for the

complete transition of DLPC from the fluid to the gel phase — reported in Table S3.1 — is consistent
with the recent measurements by Zaytseva et al.[4]
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Figure S3.1 (A)-(C) Heating capacity traces for MLV for mixtures of dDPPC:DLPC. (D)-(F)
Cooling heat capacity traces for 50nm SUVs for mixtures of dADPPC:DLPC. Large dots in (A) and
(D) mark the onset temperature, tracing the liquidus boundary, while the large dots in (B) and in (E)
mark the completion temperature, tracing the solidus boundary. (C) and (F) correspond to DLPC
heat capacity traces showing the procedure to obtain transition onset and completion temperatures.
The dashed lines are tangents on the ¢, curve where the slope is undergoing an inflection (marked
with blue dots), ie, where the slope will start to decrease (or increase) after it had been increasing (or
decreasing). The transition’s onset and completion temperatures are given by the intersection of this

tangent with the baseline marked with red dots.



dDPPC:DLPC  Liposomes  AH[J-g~'] AH[kcal-mol~']  Tyjiqus[°C]  Tiiquidus[°C]

0:100 MLVs heating  23. +0.7 34+0.1 -27+0.1 63+0.3
MLVs cooling  23. £2. 34+03 -42+03 58+04
50nm cooling  18. + 1.7 2.7+0.25 -5.5+0.1 57+02

10:90 MLVs heating  20. £ 0.7 3.+£0.1 -1.2+0.1 9.4 +0.1
MLVs cooling  26.+0.7 3.8+0.1 -22+0.05 93+0.05
50nm cooling  24. +2. 35+03 -32+0.75 9.4+0.05

20:80 MLVs heating  34. +0.34 5.1+0.05 03+0.05 17.+0.05
MLVs cooling ~ 30. + 1 45+0.15 -1.3+0.05 16.+0.05
50nm heating 29. + 0.34 4.4 +0.05 -0.7+0.1 18.+£0.05
50nm cooling  29.+5 43+0.3 -1.7+£035 17.+£0.05

30:70 MLVs heating  32.+1.3 48+0.2 0.45+0.05 21+0.05
MLVs cooling 33. +0.34 5.+£0.05 -0.7+0.2 20.+0.1
50nm heating  29.+ 1.7 4.4 +0.25 -035+0.15 21.+0.05
50nm cooling 31.+0.34 4.6 +0.05 -04+£0.05 21.+£0.05

40:60 MLVs heating 25.+0.05
MLVs cooling  34. +0.7 5.+£0.1 09+0.1 24 +0.05
50nm heating 25.+£0.05

50nm cooling  32. +0.7 4.7+0.1 095+0.25 24.+0.05

50:50 MLVs heating  28. + 0.35 4.1 £0.05 1.6 £ 0.05  28.+0.05
MLVs cooling 33. +0.35 4.9+ 0.05 1.7+0.1 27.+0.05
50nm heating 35. +0.35 52 +0.05 23+0.05 30.+0.05
50nm cooling  42. + 0.35 6.2 +0.05 1.7+0.05 28.+0.15

60:40 MLVs heating  38. + 0.35 5.7+0.05 8.6+0.1 31.+£0.1
MLVs cooling 39. +0.35 5.8+£0.05 81+£0.05 29.+0.05
50nm heating 41.+2.7 6.1£04 83+0.6 32.£03
50nm cooling 45. £ 0.35 6.8 £ 0.05 57+0.7 30.+04

70:30 MLVs heating  48. + 0.35 7.2 +0.05 24.+£0.2 34. +0.05
MLVs cooling  48. +0.7 7.1+0.1 23.+£0.15 33.+£03

50nm heating  48. + 0.35 7.2 £0.05 23.£0.05 37.+£0.05
50nm cooling  47. £ 0.35 7.1 £0.05 23.£0.025 35.£0.1

80:20 MLVs heating  53. +0.35 7.9 +0.05 28.+£0.05  36.+0.05
MLVs cooling 53. +0.35 8.+0.05 28.+0.05 34.+£0.05
50nm heating  53. + 0.35 8. +£0.05 27.+0.1 37.+0.05
50nm cooling  52. + 0.35 7.8 +0.05 26.+0.3 35.+0.15

90:10 MLVs heating  55. + 0.35 8.2+0.05 32.£0.05  37.+£0.05
MLVs cooling 56. + 0.35 8.4+ 0.05 32.+£0.05 36.+0.05
50nm heating 57. + 0.35 8.4+ 0.05 33.+£0.1 42.+0.05

50nm cooling 61. £ 0.35 9.1 £0.05 30.+0.55  40.+0.05

100:0 MLVs heating  53. +0.35 7.9 £0.05 37.£0.05 39.+0.05
MLVs cooling 55.+1.4 82+0.2 36.£0.05 38.+£0.05
50nm heating 57. +0.35 8.5+0.05 37.£0.1 39.£0.05

50nm cooling  52. + 0.35 7.8 £0.05 36.£0.05 38.+0.05

Table S3.1 Latent heats (J-g”"' and kcal-mol™) and the corresponding temperatures defining the
solidus and liquidus boundaries for the transition from a single fluid phase to a fully solid phase
upon the heating and cooling of MLV's and 50nm vesicles (and shown in Figure 2B of the main
text). Error bars correspond to at least two calorimetry scans as well as instrument resolution.



S4. Compositions and Phase Fractions from Phase Diagram

As shown in Figure 2C of the main text, upon lowering the temperature below the upper miscibility or
liquidus boundary, a lipid system consisting of a mixture of dDPPC and DLPC will phase separate into
two phases: a solidus and a liquidus phase. The respective dDPPC to DLPC composition in each phase
is obtained directly from the liquidus and solidus (lower miscibility) boundaries. That is, at a given
temperature, the liquidus boundary provides the composition of the liquidus from the coordinates:
(f;,T) and the solidus boundary provides the composition of the solidus from the coordinates: (f;,T). In
addition, these coordinates provide the necessary information to extract the fraction of dDPPC
molecules that are in each phase through the Lever Rule. If at a given temperature, T, f; is the dDPPC
composition of the liquidus phase and f; is the dDPPC composition of solidus phase, and the system
under study has an overall dDPPC composition given by xgpppc, then, the fraction of dDPPC
molecules in the liquidus, 1, is given by:

1= (f; — Xapppc)/ (fs — f1) (84.1)
This relation is called the lever rule. Here:

Xapppc = Napppc/ (Napppc + NpLpc) (S4.2)

Correspondingly, the fraction of all dIDPPC belonging to the solidus phase is simply (1 —1). Here
Napppc and Ngpppc are, respectively, the total number of dDPPC and DLPC molecules in the system.

Since our goal is to analyze SANS data, we need to translate these molecular fractions into volume
fractions. In order to translate 1 into a volume fraction we will define N; as the total number of
molecules in the liquidus phase and hence:

I=N;/(Ngpppc + NprLpc) (54.3)

If Ngpppc, and Npypc, correspond to the number of dDPPC and DLPC molecules in the liquidus
phase, then:

N} = Napprc, + Nprpc, (54.4)
hence, the molecular fraction of dDPPC in the liquidus phase is:

fi = Napppc,/Ni (54.5)
and correspondingly, the molecular fraction of DLPC in the liquidus phase is:

1 —1f; = Nprpc,/Ni (54.6)
From Eqgs. S4.2 - S4.5 we can solve for Ngpppc, and Nppc;:

NdDPPCI = fiN; = fil(Ngpppc + Nprpc) = fllNdDPPC/X?lDPPc (54.7)

and



NDLPC1 =1 =N =1 - f{)I(Ngpppc + Nprpc) = (1 — fl)lNdDPPC/XEDPPC (54.8)

Similarly, if Ngpppc, and Npppc, correspond to the number of dDPPC and DLPC molecules in the
solidus phase, then:

Napppc, = fs(1 = DNapppc/Xdpppc (54.9)
and
Nprpc, = (1 —£)(1 - DNapppc/Xdpppc (S4.10)

With this information (Eqgs. S4.7-S4.10) we can now obtain the volume fraction of the liquidus phase,
\UR

Vi _ Vapppc;Ndpppc; +VbLpc NoLpg

V) = =
Vr  Vdpppc Ndpppc;+VpLpeNpLpc, +VdpppcsNapppes+VpLpes NpLpes

_ Vappec, fil+VpLpg, (1-f)1
Vapppc, fil+Vapppcsfs(1-D+VpLpc, (1-f)1+VprLpcg (1-f5) (1-D

(S4.11)

and the solidus phase, vg:
ve=1-—v (84.12)

where Vypppc;» Vapepc,» Vbrpc, and Vprpc, correspond to the molecular volumes of dDPPC and
DLPC in the liquidus and solidus phases respectively.

Similarly, the dDPPC composition of the liquidus and solidus phases (f} and f; respectively) can also
be translated into respective volume fractions of dDPPC in each phase:

v _ Vapppc;Ndprpc, _ Vappec, fi (S4.13)
dDPPCy VapppcNapprc;+Voree Noee;,  Vapeec)fi+Vorpee (1-f1) ’
Vdapppcgfs
v = S4.14
dDPPCs Vapppcgfs+VpLpcg (1-£s) ( )

Finally, the molecular volume of a mixture is therefore:

Vapppc;Napppc, + Vorpe, Norpc, + Vapppc,Napppc, + Vbrpc NpLpc,

VT = VL =
Napppc + Nprpc

= Vapppg, fil + Vprpc, (1 — )1+ Vapppc fs(1 — D + Vprpe (1 — ) (1 —1)  (S4.15)

For fits of data in the two phase coexistence region at low temperature (T < 18°C), the molecular
volumes of DLPC and dDPPC in the solidus phase were taken to be their gel phase volumes. Hence,

= Vapppcfil+Vprpcg (1-f)l (S4.16)
' vy Vapppcefil+Vapppcgfs(1-D+VpLpc (1-f)1+VpLpcg (1-fs) (1-D) '
Vappepcfl
VdDpPP(, (S4.17)

~ Vappecfi+VpLpc (1-f1)



Vapppcgfs

VdDPPC, (S4.18)

- Vapppcgfs+VpLpeg (1-fs)
Vi = Vapeecfil + Vprpe (1 — f)I + Vapppc, fs(1 =1 + Vprpc, (1 — f)(1 = 1) (54.19)

For fits of data still in the two phase coexistence region but closer to the transition temperature (24°C >
T = 18°C), the molecular volume of DLPC in the solidus phase was modeled to be in between its gel
phase volume and its fluid phase volume using the sliding parameter o as shown by Equation 10. in
the main text.

S5 Densitometry and Molecular Volumes

e densitometry

Figure S5.1 Densitometry measurements of
o DO NIST H,0Oand D,0. Blue symbols for H>O and red
s 0l a H0 NIST symbols for D,O taken from NIST[7]. A
— continuous black line corresponds to our density
= measurement of H,O using a density and sound
28 ol velocity meter: DMA 5000 M, from Anton-Paar
£ — Hz0 measurement (Ashland, Virginia); equipment made available
8 by the PSCM, Grenoble France.
T[*C]

e Molecular Volumes

12508 Figure S5.2 Comparison between the
o densitometry, M molecular volumes obtained in this
12008 present study study (red symbols) and those from
150} M HDPPG Nagle of al, 2019 Pencer et al.[8]: cyan symbol for
dDPPC and black symbol for hDPPC,

1100 hDPPC Pencer et al. 2005

ViIAY

from Kucerka et al.[9]: blue symbols
1050% dDPPC Pencer et al. 2005 for DLPC and for Nagle et al.[10]:
DLPC Nagle et al. 2019 green symbols for both dDPPC and
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e Error in Molecular Volumes
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e inverted calorimetry parameters:

inversion parameters 6 [x10~cm®J7!'] @ [x10~*A3-mol-g/ °C]
dDPPC 85+04 87+0.3
1:1 dDPPC:DLPC 13.7+0.6 9+03
DLPC 152+0.8 10.5+0.3

Figure S5.3 Errors for Vi, 6VL were
calculated using the error in weighing (
10.0001g) and the error in the density
(£0.0001g/mL).

Table S5.1 Parameters used to
produce molecular volumes obtained
from inverted calorimetry traces for
MLVs that overlapped to those
obtained from densitometry. An
additional criterium was applied for
DLPC to obtain o and 6: at -5°C, the
molar mean of the gel volumes for
dDPPC and DLPC had to coincide
with the molecular volume of the 1:1
mixture.

Table S5.2 Molecular Volume equations: linear fits for dDPPC and DLPC below and above T,
from densitometry and calorimetry; subscripts g and f refer to gel and fluid states.

dDPPC,pove Tm = ADPPCe = 1174 + 1.13T A3
dDPPCpelow Tm = dDPPC, = 1118 + 1.16T A3
DLPCapove Tm = DLPCe = 962 + 0.98T A3
DLPCpelow Tm = DLPCg = 925.2 + 0.98T A3



S6 SANS from hydrogenated DPPC:DLPC 50nm vesicles in D,O

intensity [cm’ 1

Table S6.1 Fit parameters from SAS view.
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Figure S6.1 Temperature-dependent SANS
measurements and corresponding fits (black
lines) using a vesicle form factor for 50nm
vesicles of a 1:1 ratio of hydrogenated DPPC
and hydrogenated DLPC in 100% D-,0O. Curves
have been offset in intensity to facilitate
viewing. Table S6.1 provides the fit parameters.
Sample preparation protocol is detailed in the

Methods section.
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Figure S6.2 Fit parameters from SASview as a function of temperature. (A) The radius of the
vesicles is seen to drop when changing the temperature from above the transition temperature to
below it; at low temperatures the radius remained fairly constant. Dashed lines highlight the trends.
(B) The thickness of the bilayer at 42°C is consistent with a 1:1 DPPC:DLPC membrane [9]. As

with the radius, the thickness of the bilayer expands when changing the temperature from above the

transition temperature to below it. In the two-phase coexistence region, there is an increase in
bilayer thickness with decreasing temperature, a consistent trend with the general behavior of lipid
bilayers [9] as well as binary mixtures with similar properties[11].
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S7 MONSA and bead-vesicle scattering

MONSA is a powerful scattering fitting package that allows for the construction of complex/free-form
structures[12]. The scattering, expressed by Eq. 1 in the main text, is replaced by a collection (sum) of
many small scattering volumes (dummy atoms/beads) representing our scattering object[12]. Figure
S7.1 shows a construct of a vesicle with 1260 identical beads. The contrast that each bead can take is
given by the user (up to four different values). Fitting proceeds by the routine varying the contrast of
some or all beads and using a simulated annealing minimization protocol[13]. Because the grid
representing the position of the beads is fixed, the calculated scattering corresponds to a monodisperse
structure. Indeed, many biological macromolecules, while in their tertiary/quaternary state, are known
to be monodisperse. Our extruded vesicles, however, are polydisperse (~0.25). Analysis of our SANS
data can proceed with this approach because the excess scattering being fitted comes only from the
domains (the vesicles are contrast matched), and the domains have different shapes and sizes, and
these can be incorporated into the bead-vesicle which MONSA can properly process in its scattering
calculation. In MONSA we can introduce instrumental smearing through a set of instrument
characteristics. These characteristics are shown in Table S7.1 below and correspond to those from the
D22 SANS instrument at ILL when the data was taken.

We built bead-vesicles to fit our dDPPC:DLPC data using the vesicles’ parameters in section S6, at
high (42°C) and low (20°C) temperature. With MONSA we calculated the scattering from single SLD
bead-vesicles using instrument smearing and compared them to the calculated analytical vesicle form
factor scattering using SASview (also only using instrument smearing and no polydispersity), as
shown in figure S7.1. The grid for the bead-vesicle had dimensions consistent with the analytical
vesicle form factor in SASview: for example, the high temperature bead vesicles had a Ry, = 334A
and R, = 370A, which gave a bilayer thickness of 36 A. The bead radius, rpeaq, expected to satisfy:

4 4
Nbead ?ﬂrgead = ?ﬁ (R?nax - R?nin) (87)

was found to be Ipeaq=22 A. Here Ny aq are the number of beads (we used 1260) and Ry,.x and Ry
are the outer most and inner most points of the grid, which produced a scattering curve that overlapped
with the SASview calculation as shown in Figure S7.1 on the left. If the curves between MONSA and
SASview are slightly off, the bead radius can be varied slightly for the curves to overlap. For example,
for the lower temperature bead-vesicle with Ry, = 287A and Ry, = 3234, also producing a
bilayer thickness of 364, the rp,,q should be 20 A however it was changed to rpeaq=21 A to produce
the desired overlap between calculations using MONSA and SASview, as shown in Figure S7.1 on the
right.

As seen in Figure S7.1, MONSA and SASview curves are congruent in the low Q (Q < 0.1A™), but are
clearly different in the high Q due to the discrete bead size. Hence, when fitting data with MONSA we
used only the low Q. All the feature changes we wanted to capture in our contrast matched vesicles are
found below Q = 0.07A™! (see Figure 1 in the main text).
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Figure S7.1 MONSA and SASview vesicle scattering calculations for a monodisperse population of

vesicles as discussed in the S7 section text above. MONSA takes in bead-vesicles (top left - right).
The bead-vesicle model used was built to have an approximately one-layer bead membrane as
shown in the bead-vesicle cross-section (top left - left). Additional characteristics used in the

calculations were a concentration at 20mg/ml, SLD contrast (hydrogenated vesicles (0.5x10°A) in
D,0 (6.36 x10°A?)), and background (0.064cm™). The instrument parameters used for MONSA is

given in Table S7.1. For the SASview calculations, only the Q-dependent instrumental smearing
from hydrogenated vesicle data in D,O, and presented in S6, was used. The data used to generate
the resolution function with SASview comes from 2 different set up (long collimation and long

detector distance and short collimation and short detector distance to reach a large Q range) having a

jump in resolution at the overlap region. This is why above 0.03 the MONSA calculation using a
“high resolution” set up still displays oscillations in the form factor while analytical form factor

smeared with low resolution set up in SASview does not.

Table S7.1: D22 SANS instrument at ILL

collimation characteristics

collimation slit radius (cm)
sample diameter(cm)

collimation distance (cm)

2.57
1.2
1760.

sample—detector distance (cm) 1760.

The ATSAS software suite[14], which includes MONSA, has DAMESV[15], with which one can
generate bead-vesicles. The bead-vesicle is formatted as a PDB (Protein Data Bank) file required for

A (A)
Ad/A
pixel size (cm)

averaging error

6.
0.1
0.4

0.

MONSA to read it. The grid can also be built by other in-house scripts, as long as it preserves the PDB

format needed to run MONSA.
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S8 MONSA fitting in the two phase coexistence region
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Figure S8.1. Difference in volume fraction of one phase between that expected to that obtained from
the fit for three temperatures: 9°C(A), 11.9°C (B), and 14.9°C(C). Here the liquidus is composed of
only fluid phase lipids and the solidus is composed of only gel phase lipids.
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Figure S8.2. Difference in volume fraction of one phase between that expected to that obtained from
the fit for three temperatures: 18°C(A), 22°C and 24°C(B). Here the liquidus is also composed of
only fluid phase lipids but the solidus is composed of dDPPC in the gel phase while DLPC attains
an intermediate state between the fluid and gel state as described by the parameter o in equation 10.
a = 1 corresponds to DLPC in the gel state and a = 0 corresponds to DLPC in the fluid state. The
horizontal dashed line corresponds to the error on the volume fraction, which is +0.002
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Table 8.1 Volume fraction of the liquidus, v, as a function of temperature

T 24°C 22°C 18°C 14.9°C 11.9°C 9°C
vr | 0.608+0.002 | 0.5701+0.002 0.378 0.320 + 0.002 0.190 0.137
+ 0.002 + 0.002 + 0.002
1100 SANS, higher f; B
(A) 40F o SANS cg )
o densitometry e MLVs heating -
— calorimetry MLVs e MLVs cooling %
1080F 30F : - X
- calorimetry 50nm © 50nm coohn%/,— Ay
> — % o X
O 20f ,
= 1060F Q. R ®
. = , X
10"' "g X
1040f 3
0 SANS ob/ o0
0 SANS, higher f; o s Van Dijck et al.
x Heberleetal. - --- Van Dijck et al. fit
1020~ L . v y y -10% . . . . .
5 10 15 20 25 30 0.0 0.2 0.4 0.6 0.8 1.0
T C] XdDPPC

Figure S8.3 (A) Molecular volumes for the 1:1 dDPPC:DLPC mixture obtained by calorimetry
(MLVs and 50nm vesicles) and densitometry (MLVs) as well as the molecular volume obtained
from fits to the SANS data presented in Figure 4A of the main text (black and red symbols). The
black symbols correspond to fits that reproduce the molecular volumes from densitometry and
calorimetry; in these fits, the molecular volume of DLPC for T < 18°C is in the gel state but takes
an intermediate volume between gel and fluid states for T = 18°C . The red symbols correspond to
good SANS fits as well (as shown in Figures S8.2: for a = 1 for 18°C and a = 0.5 for 22°C and
24°C) but where the larger fraction of DPPC in the solidus (i.e., a larger fs value) produce molecular
volumes that do not coincide with those found by densitometry and calorimetry. (B) The
corresponding phase diagram obtained by calorimetry showing the solidus boundary with points that
correspond to the red and black symbols in (A). The light pink symbols correspond to the cases
shown with red symbols in panel (A). The orange symbols correspond to the case shown in black
symbols in panel (A). Also shown are the solidus and liquidus boundaries obtained through regular
solution theory as approached by Van Dijck et al. [16]. The black dashed lines are also shown in
Figure 4C and correspond to the best consistent fits to the liquidus and solidus boundaries (for the
solidus boundary both the orange symbols and calorimetry points were combined) using equation 10
as described in the text. The light pink dashed lines were obtained using the values for the exponent
n and the parameters ASand A reported by Van Dijck et al. for this system.
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S9 Microscopy imaging.

A 30°C, 5 mg/ml B 24°C, 0.5 mg/ml

Figure S9.1 Fluorescence microscopy images of dDPPC:DLPC 1:1 GUVs. A) Above the melting
temperature (Tm), the system is in the fluid phase and the dye Dil-C20:0 is uniformly distributed in
the membrane. B) Below the Tm, in the two phase coexistence region, GUVs display stripes with
“jagged” edges corresponding to the gel phase immersed in dark regions corresponding to the fluid
phase. The scale bars correspond to 43.8 um.

Giant unilamellar vesicles (GUVs) were prepared using the electroformation method[17]. Briefly,
GUVs were prepared for a 1:1 molar ratio of DPPC:DLPC following the protocol done previously for
this sample[18]; specifically, 10 mol% each of charged DLPG and DPPG (dilauroyl phosphoglycerol
dipalmitoyl phosphoglycerol, respectively, purchased from Avanti Polar Lipids) was added to the
binary lipid sample, which is necessary for the stability of the GUVs during electroformation. Adding
charged lipids has been shown to not affect phase boundaries significantly as these are mainly driven
by tail properties[19]. Fluorescent labeled amphiphilic molecules that partition into membranes,
Bodipy- PC (C4sHe1B2F4NsOgPS, ThermoFisher Scientific) and Dil-C20:0 (CsoH10sCIN2O4, Molecular
Targeting Technologies, Inc), were added at 0.1 mol% each to molar amounts of the DPPC:DLPC
sample. Dil-C20:0 partitions into the solidus, DPPC-rich phase, and Bodipy-PC partitions into the
liquidus, DLPC-rich phase below Tm[18]. The phases were separately illuminated, although images
presented in Figure S9.1A used one illumination corresponding to the solidus phase.

GUYV preparation by electroformation. The mixture of lipids and fluorophores at 4-5 mg/ml
concentration in chloroform plus 5% (by volume) liquid acetonitrile was spun-cast (600 rpm for 4
minutes) onto ITO-coated glass to form a thin lipid film. After drying in vacuum (60°C for 2 hours), a
second ITO-coated glass (and a thin o-ring) was used to form a chamber with water (pre-heated to
50°C). Subsequently, a 1 V, 10 Hz AC field was applied to this chamber for 1.5 hours at 50 °C. After
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electroformation, the GUV samples were maintained in the sealed chamber at 50 °C for 30 minutes
and then gently collected using a glass pipette.

For imaging, 10 puL of the GUV suspension was placed on a glass slide and observed using an epi-
fluorescence microscope (Zeiss Observer, D1-AX10). The incident light was provided by an X-Cite

series 120 Q bulb with a TEXAS RED and NBD filters (Ex/Em 565 nm/620 nm). The temperature was

controlled with a Peltier heated stage plate and a Linkam controller (Linkam Scientific Instruments,
United Kingdom).

S10 Correlation peak positions in the I vs Q data.

Ci e Figure S10.1 Peak positions marked with black dots.
5o x 22.0°C Error bars corresponds to the error in Q obtained from
“:gg&m 18.0°C the instrument’s configuration (wavelength spread) and
o} 80°%k w0 l40C measurement statistics.
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Figure S11.1 An IGOR™ script was used to generate round domains on a grid of scattering beads.
Here different number of domains (each with 7 different domain arrangements) were compared to
the data using MONSA to calculate the scattering curves — those with the best congruency to the
data are shown on the left. Comparisons between the best round domain model configurations and
the best free-form fits using bead-vesicle models are shown in the middle. The table on the right
shows the number of round domains that have the best correspondence to the data, the
corresponding volume fraction for the minority phase, and 2, a measure of the goodness between
the model and the data.
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